Even if local policymakers increasingly claim that tourism is one of the key factors of future economic development for the French small island La Réunion, international tourist arrivals are observed to be locked in a stagnation phase since the beginning of the 2000s. Starting from this stylised fact, this article aims to study if this phenomenon results from major external events hurting this economy regularly. Next, by using univariate unit root procedures with structural breaks, we test for evidence of permanent or transitory effects of external shocks on international tourist inflows (total, by source markets, and by category) over the period 1981-2015. Finally, the empirical analysis allow us to reject the null of a unit root. Then, stagnation of tourism arrivals to La Réunion is not due to exogenous shocks but probably results from endogenous impediments within the domestic tourism industry and unsuitable public policies.
Introduction
Undoubtedly, tourism is one of the most dynamic exporting sectors in the world economy. For some countries, this activity contributes more to domestic economic growth than traditional exports' sources like agriculture or manufacturing industry.
The role of tourism is even more relevant in the context of small island economies (SIE). For most SIEs, it is a notable and perhaps the only alternative to the industrial sector (Logossah and Maupertuis, 2007; Bertram and Poirine, 2007) . Notably, despite positive economic spillovers, tourism is prone to vulnerability and weakens sustainable development for small entities in the long term.
Four main problems with relying on tourism must be exposed. First, several leakages can offset the increase in domestic income due to tourist expenditures (Nowak and Sahli, 2010) . Second, a strong competition may occur between sectors in terms of land, labour, and capital, which generates a 'Dutch disease' dynamic resulting in the fall of earlier exporting sectors (Nowak and Sahli, 2007) . Third, tourism specialisation can be the cause of its own destruction. Beyond a specific threshold (the so-called tourist carrying capacity), the number and behaviour of tourists damage the attractiveness of the destination based on ecological and cultural balance that leads to a decline (Butler, 2011) . Fourth, tourism is prone to instability (UNEP and WTO, 2006) because of conjunctural fluctuations in the foreign source markets and international events like financial and economic crises or unexpected large external shocks (e.g. health crises, natural disasters, wars, terrorism).
The case of La Réunion is a good example (Perrain and Jean-Pierre, 2016 ).
The importance of the tourism sector for the local economy is significant: by 2012, foreign tourists' expenditures were e315 million, making tourism the primary export, followed by goods (e307 million). Despite of hopeful growth in the 1980s and 1990s (an annual average rate of approximately 8%), since the beginning of the 2000s international arrivals to the French overseas territory are observed to be locked in a stage of stagnation with an average of approximately 425,000 tourists per year.
Evolution of the share of foreign tourism expenditures in the GDP confirms this global trend: we observe a growth phase that increases to a maximum in 2000 of 3.2% of GDP, followed by a decrease to 2.2% in 2012. Moreover, the destination is very exposed to large unanticipated exogenous shocks. Alongside potential natural disasters due to cyclone phenomena that regularly damage the island, several major external and internal events, namely, the context of terrorism following the September 11 terrorist The aim of this paper is to examine whether tourist arrivals (total arrivals, by source markets, and by category) in La Réunion are affected by permanent or transitory shocks due to major external or internal events over the period 1981-2015. We consider that these major events represent large shocks that occur infrequently (lowfrequency shocks), but the time of their arrival is random. Our approach results from the numerous examples of random, heterogeneous, and infrequent events that could have a dramatic impact on tourist-arrival time series. This type of event includes, for example, the September 11 terrorist attacks, health crisis of 'Chigungunya' in [2005] [2006] , international financial crisis in 2008, and shark crisis since 2012. For this reason, we search for the presence of these infrequent large shocks (permanent and/or temporary) in the form of outliers in the number of tourist arrivals to La Réunion. The points are identified and corrected by using intervention analysis, originally proposed by Box and Tiao (1975) and improved by Chen and Liu (1993) and Gómez and Maravall (1997) . We also detect structural breaks in the slope of the trend, which we observed to be the case for La Réunion from the early 2000s, by using the test developed by Perron and Yabu (2009) , whose breaks would be rather endogenous. This type of approach should provide information concerning the nature and magnitude of the shocks on the number of tourist arrivals.
We also examine whether tourist arrivals in La Réunion are best characterised by a unit root process (random walk) or stationary process. If tourist arrivals are characterised by a unit root process, the implication is that effects of shocks, assumed to be randomly generated for every observation period (frequent small shocks), will have a permanent effect and tourist arrivals will not return to their stable long-term growth path. Otherwise, these permanent shocks due to innovations in tourism infrastructure are the main source of tourist-arrival growth trends. Notably, if international tourist arrivals are characterised as a stationary process, the implication is that following a (frequent small) shock, tourist arrivals return to their long-run trend path and the impact of the shock on varied tourist numbers will be only transitory.
Therefore, movements in tourist arrivals are associated with temporary fluctuations so that a (frequent small) shock such as innovation should have no impact on long-run tourist numbers. The random walk hypothesis for visitor arrivals in La Réunion is examined in this study by applying appropriate unit root tests according to the breaks detected in the previous step. Conducting univariate unit root tests is crucial, because source markets may respond differently to a shock. According to our review of the literature, this study is the first to analyse the effect of large shocks and stationary properties of tourist arrivals in La Réunion. 1 The remainder of the paper is organised as follows. Section 2 highlights major stylised facts for La Réunion in the field of tourism development. Section 3 presents the theoretical framework by asserting the usual suspects that explain the potential vulnerability of the small French island's tourism arrivals. Section 4 exposes the empirical methodology. Section 5 displays and analyses the empirical findings. Section 6 concludes.
Main stylised facts
By 2012, global tourism (foreign visitors and locals) in La Réunion was 8% of GDP, that is, e846 million. If we focus on the foreign side, tourism represents approximately 2.2% of GDP, corresponding to a receipt of e315 million (Perrain and Jean-Pierre, 2016) and 3.2% of total employment. Tourism is the primary export of La Réunion and far ahead of exports of goods; however, a contrasting conclusion emerges from This French overseas territory is one of the least dependent islands regarding tourism earnings with Suriname and Haiti (Perrain and Jean-Pierre, 2016 ). This finding is observed to be more obvious when considering its insular neighbours (Table 1 ).
Contrary to La Réunion contribution of tourism to wealth creation is significant in Maldives (14.0%), Seychelles (6.4%), and Mauritius (3.8%). The same conclusion holds for the other French overseas regions (Polynesia, Martinique, Guadeloupe and Guyana). The economic impact per capita for La Réunion (US$516) is also far behind that for the other islands, except for Comoros. This relative weak economic contribution of the tourism sector can be analysed on the quantitative and structural sides. (Rochoux, 2016) . Since 2000, the destination has been in a phase of stagnation, with total tourist numbers, in average, of 425,000 per year.
In this study, two arguments can be asserted to explain these data. First, many large exogenous events had deep negative effects on La Réunion over the recent period: 
Adding Chaos principles
The quasi linearity of the evolution curve stated by the TALC approach is theoretically funded but actually corresponds to the very long term. By contrast, observation shows that actual tourist destinations are confronted by strong instability, generating gaps from the trend given by the TALC curve in the short and medium term. the transition from one stage to the next is not linear or deterministic insofar as the tourism destination, whatever its maturity, highly depends on a set of unpredictable triggers. Moreover, the perturbations resulting from impacts of these unpredictable triggers are also unpredictable with a magnitude out of proportion to the initial shock.
Notably, each phase of the life cycle may enter into a period of instability, driven by fundamental shifts in relationships between the stakeholders of destination and the tourists. In each phase of its development, specific manifestations of chaos are present ('butterfly' effect, lock-in effect, bifurcation, 'edge of chaos'), implying that the tourism destination is a process continuously evolving and adapting. According to the specific combinations of the triggering factors, chaos effects can either facilitate or impede growth, progressing the cycle or causing stagnation and decline.
Consequently, it is more appropriate to represent the new approach by combining the TALC model with chaos principles as cyclic (Graph5). Obviously, this theoretical framework is more informative concerning the case of La Réunion. By considering these new conceptual insights and empirical results from Blancard and Hoarau (2016) together, the French destination is observed to be persistently locked in the stage of exploration.
According to our review of the literature, two types of triggers have been identified according to their exogenous or endogenous nature (Faulkner and Russel, 2001 ). First, 
Methodology
To assess the vulnerability of La Réunion relative to shock exposure, we implement an econometric strategy based on three stages. The first two steps aim to detect the presence of exogenous and endogenous breaks in the series of foreign tourism inflows.
In a third step, we use a set of unit root tests adapted to the nature of identified breaks to draw conclusions regarding the temporary or persistent effect of shocks. All the tests are presented in detail in the Appendix.
Detecting breaks 4.1.1 Detection of exogenous breaks
Breaks in macroeconomic series reflect extraordinary, infrequently occurring events or shocks that have major effects on modeling macroeconomic time series. There are several methods stemming from the statistical field for detecting breaks or outliers based on the so-called intervention analysis approach, as originally put forward by Box and Tiao (1975) . In this paper, we implement an improved detection algorithm proposed by Chen and Liu (1993) , which is readily available with slight modifications by Gómez and Maravall (1997). Especially, we focus on break detection from AutoRegessive Integrated Moving-Average (ARIMA) models to emphasize the large shocks that have affected the series.
Let's assume that we observe (y t ) the annual series which follows the following process:
where
where z t is an ARIMA(p, d, q) process 7 (L being the usual lag operator), and f (t)
contains exogenous disturbances or breaks. Following Chen and Liu (1993), we will consider three various types of breaks: additive outlier (AO), level shift (LS) and 7 The orders p and q of the ARIMA model are based on specification tests and information criteria.
temporary change (TC). The specifications for different f (t) are as follows:
where ω i , for i = AO, LS, TC, denotes the magnitude of the break 8 , I t (τ j ) is an indicator function that takes the value of 1 at time t = τ j and 0 otherwise; τ j being the unknown date at which the break occurs, with j = 1, . . . , m, and m is the number of breaks. These various types of breaks differently affect the observations: AO causes an immediate and one-shot effect on the observed series; LS produces an abrupt and permanent step change in the series (permanent shock); TC produces an initial effect which dies out gradually with time (transitory shock). In this latter case, the parameter δ controls the pace of the dynamic dampening effect (0 < δ < 1). Note also that the detection algorithm provides an estimated date for the break through a sequential procedure.
Detection of endogenous breaks
We now study the presence of endogenous breaks , i.e. breaks in the level and/or the slope of the trend function.
The test is based on the following general model:
where DT jt = (t − T j )I(t > T j ), j = 1, . . . , K. A break in the trend occurs at time
The dates of breaks (T j ) and the number of breaks (K) are treated as unknown. The error u t is allowed to be either I(0)(|α| < 1) or I(1)(α = 1).
The stochastic process {v t } is assumed to be stationary but not necessarily i.i.d.
thereby permitting a general error structure for u t . The rejection of the null will suggest the existence of two breaks in the slope and one if the test fails to reject. on the slope of the trend function without no prior knowledge to the non-stationary properties of the noise component.
Stationarity tests
The test assumes that y t is generated by
where µ 0 a finite constant, a * i = − ∑ ∞ j=i+1 a j ; e t ∼ i.i.d.(0, σ 2 ). Here −1 < α ≤ 1 so that both stationary or integrated errors are allowed.
Following the results on the presence or not of the linear trend (t RQF β ) we apply the unit root tests of Elliott et al. (1996) (ADF GLS test) with the appropriate deterministic component.
Empirical results and comments
In the empirical study, we use annual data collected from several statistical surveys, entitled 'Enquête sur la fréquentation touristique à La Réunion', generated over the period 1981-2015 by the National Institute of Statistics and Economic Studies. 9 Three types of series are considered, namely, (i) total tourist arrivals to La Réunion; (ii) tourist arrivals to La Réunion disaggregated from major source markets, namely, from France, the European Union, and others (e.g. Mauritius, Madagascar, Mayotte, China); and (iii) tourist arrivals to La Réunion disaggregated from visiting motivations (categories), namely, leisure tourism, business tourism, visiting family or friends, and others forms (sport, healthcare . . . ). The selection of samples and time series span are, of course, dictated by data availability. Therefore, the results should be taken cautiously due to this small sample. Moreover, all data were converted in natural logarithmic form.
Breaks detection and unit root tests
Following the aforementioned methodology, we begin our investigation by testing if the tourism series have been affected by exogenous breaks. In Table 2 , all detected exogenous breaks are given by series, with their type, t-statistics, and timing. Our results indicate that the series relative to total arrivals, tourism from continental France, tourism from the European Union, leisure tourism, and visiting family or friends are affected by one break in 2006. This break has a short-lived effect (AO), namely, one year, for total arrivals and visiting family or friends, with a decrease of 32% and 27%, respectively. The effect is also temporary (TC) for tourism from continental France and leisure tourism, which dies out gradually after few years, with an initial dramatic negative impact of 37% and 50%, respectively. For European Union arrivals, the turbulence is observed to have, instead, a permanent impact (LS) that implies a change in the series, but only on the level and not on the slope of the trend. No impact on the growth rate is found, that is, after the shock the growth rate of tourist arrivals converges towards its long-term equilibrium path. The year 2006 corresponds to the health crisis of 'Chickgungunya,' which led to several hundred deaths in few months.
By contrast, no exogenous outliers or breaks (large shocks) are detected for the series of other source markets, business tourism, and other tourism motivations. Surprisingly, at this stage, no statistical effect of the well-known adverse events associated with a large shock (the terrorism context associated with the September 11 terrorist attacks, the international financial crisis in 2008, or the shark crisis damaging the local economy since 2012) is found from our simulations. 9 For the period 1981-1988, the database was reconstructed from information given in DCBFODT (1994). Next, we examine if the tourism series has been subject to (endogenous) slope breaks. The tests of Perron and Yabu (2009b) and Kejriwal and Perron (2010) are employed for this purpose on the raw series for other source markets, business tourism, and other tourism motivations and the corrected-outlier series for total arrivals, tourism from continental France, tourism from the European Union, leisure tourism, and visiting family or friends. Table 2 displays the results of the zero versus one slope break (ExpW ), and one versus two slope breaks (ExpW (2|1)). Kejriwal and Lopez (2013) labelled the case of a break in slope with possible shifts in the level as the 'growth shift' hypothesis.
Our empirical results are notable and potentially informative for economic policy. Second, the break in the slope for European arrivals identified in 1995 is followed by a strong accelerating trend over the more recent period. This corresponds to a positive change, unfortunately too modest, in the tourist product design more in phase with the expectations of German or Swiss customers. Notably, during the 1990s local authorities in charge of tourism development abandoned the old strategy based on traditional seaside tourism for a more adapted strategy that focused on the combination of the mountains, volcano, sea, and culture. Finally, no evidence of break in the slope was observed for business tourism.
The last important question is if the shocks that are the impetus for the fluctuations of tourist arrivals have permanent or transitory effects on tourist arrivals in La Réunion. Table 3 presents the results of the univariate unit root tests. Four main findings must be underlined: (i) a different stationary process for business tourism; (ii) a change in persistence after the break date in the slope from trend stationarity to difference stationarity for European visitors; (iii) a change in persistence from either difference stationarity or trend stationarity to stationarity without trend due to the break date in the slope for the series of total arrivals, leisure tourism, other visiting motivations, French tourist arrivals and tourists visiting family and friends; and (iv) a change in persistence resulting from the slope break from difference stationarity to trend stationarity for tourist arrivals from other market sources. Overall, our simulations tend to support the transitory effect of external shocks, except for European tourist arrivals and business visitation. however, these two types of tourism represent only marginal inflows. Thus, the actual difficulties of La Réunion's tourism sector are not rooted in the presence of external shocks. 
Sources:
The authors.
Comparing to the literature
Our results are consistent with the literature, in that a consensus emerges regarding the rejection of the hypothesis of non-stationarity and then supports the finding that external shocks have only a transitory effect on tourist arrivals. By using the Sen Moreover, only one major shock, namely, the Chigungunya crisis, was observed to have a significant effect on the level of inflows without changing the growth rate.
Nevertheless, the results must be considered with caution due to the small sample of the data. 7 Appendix: Methodology 7.1 Detection of exogenous breaks Chen and Liu (1993) and Gómez and Maravall (1997) suggest the following procedure to detect outliers: An ARIMA model is fitted to y t in equation (2) and the residuals are obtained:â
For the three types of breaks in (1), the equation (6) becomes:
These expressions can be viewed as a regression model forâ t , i.e., a t = ω i x i,t + a t i = AO, LS, TC, with x i,t = 0 for all i and t < τ, x i,t = 1 for all i and t = τ, and for t > τ and k ≥ 1,
The detection of the outliers is based on likelihood ratio [LR] statistics, given by:
andω IO (τ) =â τ whereω i (τ) (i = AO, LS, TC) denotes the estimation of the break impact at time t = τ, andσ a is an estimate of the variance of the residual process.
Breaks are identified by running a sequential detection procedure, consisting of outer and inner iterations. In the outer iteration, assuming that there are no breaks, an initial ARIMA(p, d, q) model is estimated and the residuals (â t ) are obtained. The results from the outer iteration are then used in the inner iteration to identify breaks.
The LR test statistics for the four types of outliers are calculated for each observation.
The largest absolute value of these test statistics:
is compared with a critical value, and if the test statistic is larger, a break is found at time t = τ 1 and its type is selected (i * ). When a break is detected, the effect of this break is removed from the data as follows: the observation z t is adjusted at time t = τ 1 to obtain the corrected y t via (1) using the estimated magnitudeω i * and the appropriate structure of break f (t) i * as in (3), i.e.
We also compare the second largest absolute value of the LR statistics for the three types of breaks to the critical value, i.e.τ max = max|τ i (τ)| with τ = τ 1 , and so on.
This process is repeated until no more breaks can be found. Next, we return to the outer iteration in which another ARIMA(p, d, q) model is re-estimated from the breakcorrected data, and start the inner iteration again. This procedure is repeated until no break is found. Finally, a multiple regression is performed on the various detected breaks to identify (possible) spurious breaks.
Detection of endogenous breaks
Perron and Yabu (2009b) extend the procedure of Perron and Yabu (2009a) to address the issue of testing for structural break in the trend function. The test starts by assuming a data generating process (DGP) for a scalar random variable y t to have the following specification:
date. The null hypothesis of the test for a shift in slope (allowing for a shift in intercept)
is H 0 : β 1 = 0 versus H 1 :
The Wald test statistic W RQF is constructed for a given break fraction λ 1 and depending on the value ofα MS W RQF (λ 1 ) =
where 
Kejriwal and Perron (2010) extend the approach of Perron and Yabu (2009b) and propose a sequential test that allows to test the null hypothesis of l breaks against the alternative hypothesis of (l + 1) changes. The procedure is consistent to wether the data are stationary or not. As in Perron and Yabu (2009b) , Kejriwal and Perron (2010) use the Exp functional over all permissible break dates. RQF is the one break test in segment i. For i = 1, ..., l + 1, the sequential test is the application of a single change in slope (allowing for shift in level) test in the (l + 1) segments and examine if the maximum is significant. The test is given by:
The first step is to investigate if there at least one break (F T (1|0)). In case of rejection, the test F T (2|1) is applied. If the statistic is sufficiently large we conclude in favor of two breaks in the DGP. Notice that the test is repeated by increasing l sequentially until the test fails to reject the null hypothesis of no structural change, the number of breaks corresponding then to the number of rejections. However, in our study we limited l to unity. 10 The approach consists to consider the quasi FGLS estimate of the parameters of the equation (15) usingα MS :
(1 −α MS L)y t = (1 −α MS L)x t Ψ + (1 −α MS L)u t (10) t = 2, ..., T , and y 1 = x 1 Ψ + u 1 . Denote the resulting estimates byΨ FG = (μ FG 0 ,μ FG 1 ,β FG 0 ,β FG 1 ) .
Trend test
Perron and Yabu (2009a) recommend the following steps for testing the slope of the trend function without no prior knowledge to the non-stationary properties of the noise component:
1. Estimate the residualsû t from detrended y t by OLS.
2. Estimate α from the following regression:
The order k is selected using the Modified AIC of Ng and perron (2001) 
where X = [x 1 , . . . , x T ] ,x t = [(1 −α MS ),t −α MS (t − 1)] for t = 2, ..., T , and 1) . h υ is a consistent estimate of (2π times) the spectral density function at frequency zero of υ t = (1−αL)u t . They use an autoregressive spectral density estimate.
Stationary test
The unit root test proposed by Elliott et al. (1996) is based on the following regression:
β j ∆ỹ t− j + ε t in whichỹ t representing the locally detrended data process under the local alternative α, is given by:ỹ t = y t −ψ z t where z t = (1,t) in the case with drift, andψ being the generalized least squares (GLS) regression coefficient ofX t onz t defined by:
(ȳ 1 ,ȳ 2 , . . . ,X T ) = (y 1 , (1 − αB)y 2 , . . . , (1 − αB)y T ) (z 1 ,z 2 , . . . ,z T ) = (z 1 , (1 − αB)z 2 , . . . , (1 − αB)z T )
The test statistic ADF-GLS is the usual t-statistic for the null hypothesis β 0 = 0 against the alternative of β 0 < 0. Elliott et al. (1996) recommend that the parameter c, defining the local alternative through α = 1 − (c/T ), be set equal to 13.5 if the series seems to contain a trend (drift), and 7 for an intercept. The lag order k is selected using the modified information criteria suggested by Ng and Perron (2001) with the modification proposed by Perron and Qu (2007) .
